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The human meniscus functions as a shock absorber during dynamic movements of the knee, thus protecting the cartilage in the joint.[@ref1][@ref2] Arthroscopic partial meniscectomy is the most frequent surgical procedure performed by orthopedic surgeons in the United States, with more than 50% of the procedures performed in patients 45 years of age or older.[@ref2][@ref3] In the younger population, the tear is usually caused by trauma while atraumatic tears are typically seen from the 4^th^ decade of life.[@ref4] Different factors might influence the occurrence of meniscal tears such as level of activity, age, gender, abnormal leg axis and obesity.[@ref5][@ref6][@ref7][@ref8] Obesity is currently considered an epidemic that is associated with general health comorbidities and osteoarthritis (OA).[@ref9][@ref10] Although favorable results for arthroscopic partial meniscectomies would be expected in young, fit and healthy patients, many partial meniscectomies are performed on overweight patients. The clinical outcome of surgical treatment is also affected by additional intraarticular pathologies, particularly chondral lesions.[@ref11] The literature advises against arthroscopic medial meniscectomy in the presence of advanced chondral derangement because of unfavorable outcome.[@ref12][@ref13] Thus, diagnosing chondral lesions prior to surgery can affect decision making. Recent studies have shown an association between obesity and chondropathy in patients with meniscal tears; however, these studies have also included ligamental injuries and did not specify the age in which this correlation is most significant.[@ref14][@ref15]

The primary aim of this study was to assess the correlation between body mass index (BMI) and the severity of chondral lesions in patients with isolated medial meniscus tears (i.e. without ligamentous or lateral meniscal injury). A secondary objective was to evaluate the influence of other demographic factors on the surgical cartilage lesions. We hypothesized that obese patients would have significantly worse chondral lesions than patients with normal weight regardless of age, gender and level of activity.
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837 knee arthroscopies were performed in our institution between January 2011 and December 2012. Of these, 168 fulfilled the inclusion criteria and were included for data analysis. The study included patients with no axial knee deformity and no radiological signs of OA who have had arthroscopic debridement for torn medial meniscus pain in the knee, with or without associated mechanical symptoms not relieved by conventional methods, with clinical signs of torn medial meniscus supported by magnetic resonance imaging (MRI) and weight bearing radiographs with Kellgren and Lawrence16 Grade 0 or 1 at the baseline visit. Those who have had previous knee surgery, lateral meniscus tear, injured ligament or inflammatory arthritis were excluded \[[Table 1](#T1){ref-type="table"}\]. Prior to this study a local institutional review board approval was obtained.

###### 

Exclusion criteria
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Information was retrieved from patients' charts and surgical reports. All preoperative evaluations and operations were undertaken by three senior orthopedic surgeons (BH, SB, RT) who were experienced in knee arthroscopy and who work together in the same unit. Radiographs were assessed by two senior physicians independently, a radiologist and an orthopedic surgeon. Surgery was done under general anesthesia with the patient in the supine position. A leg holder and tourniquet were placed around the thigh of the affected leg. Standard anterolateral and anteromedial knee portals were used. Diagnostic arthroscopy was performed to evaluate abnormal findings. Medial meniscal tears were trimmed to a stable rim. At surgery, cartilage lesions were probed, measured and then graded according to the international cartilage repair society (ICRS) classification.[@ref17] The severity of chondral damage was determined by the ICRS grade and the number of compartments involved. If two or more compartments had an ICRS score of at least 2 then the total score was raised by 1 point (i.e. the chondral score range was 0-5).

Body mass index was considered normal at 18.5-24.9 kg/m^2^, overweight at 25-29.9 kg/m^2^ and obese if ≥30 kg/m^2^ values, according to the US national institute of health.

Activity level was graded from 0 to 4 according to the patient occupation (sedentary, physical) and sports participation (no participation, mild recreational, intensive recreational and professional). Grade 0 activity level was given to a sedentary profession with no sports activity, Grade 1 to sedentary with mild recreational sports activity, Grade 2 if either physical profession or intensive recreational activity, Grade 3 if physical profession and intensive recreational activity and Grade 4 for professional athlete.
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Results were expressed by descriptive methods (mean, range). A one-way analysis of variance was used to compare the differences in parameters (such as BMI) between age subgroups. Chondral score was modeled as a function of age, BMI and activity level with the use of multivariate regression analysis. A point-biserial correlation coefficient was used to evaluate correlation between nominal and interval parameters (such as gender and chondral score). *P* value was considered to be statistically significant if it was less than 0.05.
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The entire patient cohort had a mean age of 50 years (range 13-82 years) and an average BMI of 28.2 (17.5-42.5) kg/m^2^ (overweight). Females had higher BMI \[mean 29.3 (range 17.5-42.5 kg/m^2^) kg/m^2^)\] than males (mean 27.5 (range 18.8-41.5 kg/m^2^) kg/m^2^). There were 68 patients with no chondral lesions, 10 with a chondral score of 1, 31 with 2, 25 with 3, 29 with 4 and 5 with 5 \[[Figure 1](#F1){ref-type="fig"}\]. Overall, regression analysis showed both age and BMI to be linearly correlated to chondral score (*r* = 0.53, *P* \< 0.04); however, there were no advanced chondral lesions (i.e. Grade 3 or more) found in patients younger than 40 years of age and all Grade 5 lesions were at age 50 years or more \[[Figure 2](#F2){ref-type="fig"}\]. Therefore, further analysis was performed for age subgroups. Patients were grouped as younger than 40 years, between the age of 40-50 years (middle age) and older than 50 years old \[[Table 2](#T2){ref-type="table"}\]. Regression analysis for the above subgroups showed linear correlation between BMI and chondral score in the middle age (*r* = 0.44, *P* = 0.006), but not in the young or older age subgroups. Linear correlation between age to chondral score was found significant in the older age subgroup of patients (*r* = 0.4, *P* \< 0.001). Activity level was graded as 0, 1, 2 and 3 in 14%, 21%, 45% and 20% of the patients, respectively with no Grade 4 (i.e. professional athletes) in this study.
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Demographic data
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No correlation was found between activity level and chondral score. Female gender was found to be significantly correlated with worse chondral score in all age groups (*r* = 0.45, *P* \< 0.001).
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This study showed a significant linear correlation between BMI and the extent of chondropathy in middle aged patients who have had arthroscopic partial medial meniscectomy of the knee. This correlation did not exist in the younger or older age groups of patients. In addition, chondral lesions were more significant in women, but did not correlate to the level of activity. Obesity and chondropathy independently impairs the clinical outcome of partial meniscectomy. A recent study evaluated the influence of BMI on short term functional results after arthroscopy for isolated meniscal tears without chondropathy or other intraarticular pathology.[@ref18] They showed that patients with moderate or significant obesity (BMI \> 26) have inferior short term outcomes to nonobese patients.

Fabricant *et al*.[@ref11] have examined the short term recovery after meniscectomy. Of the surgical predictor variables, only the extent of OA was predictive of recovery with worse OA negatively impacting the rate of recovery. Of the demographic and clinical variables included in their model, patient age and BMI were not associated with postoperative recovery, although older patient age and obesity have been shown before to be associated with worse long term results.[@ref19][@ref20][@ref21][@ref22]

Several studies highlighted the association between obesity and chondropathy in patients with meniscal tears. Ciccotti *et al*.[@ref14] showed a high prevalence of articular cartilage damage in patients undergoing arthroscopic surgery for meniscal pathology. Risk factors that were correlated with articular cartilage damage included increasing age, elevated BMI, medial compartment pathology and knee contractures. However, in contrast to our study, they included concomitant pathologies such as lateral meniscal and anterior cruciate ligament tears.

Laberge *et al*.[@ref15] compared the location and severity of morphological knee abnormalities across three BMI groups by 3T MRI. Obesity was associated with higher prevalence and severity of early degenerative changes of the cartilage and menisci in middle-aged individuals without radiographic OA. They assumed, as in prior studies, that obesity is more of a risk factor for knee lesion incidence than for progression, which underscore the need to address the obesity problem as early as possible in a patient\'s life.[@ref23][@ref24] They suggested for future research to look further at younger patient populations in order to determine at what age these changes begin to occur. The population in our study showed that this relation is significant from the age of 40 years onwards. In younger age, the biochemical composition of the joint cartilage can absorb the mechanical stresses around the knee. Our findings suggest that the degenerative process accelerates from the 5^th^ decade of life and is linearly correlated to the overload on the knee without axial deformity, represented by the BMI. On the other hand, many of the study patients over the age of 50 had significant chondropathy at surgery which was not found to be related with BMI. Therefore physicians can advise patients to reduce weight early in life and notify overweight patients about the probability of cartilage damage especially between the ages of 40 and 50 years.

Increased activity level and female gender has been implicated with generally worse results after meniscal debridement, but to the best of our knowledge previous studies on meniscal debridement did not evaluate the correlation between activity level and chondral lesions.[@ref5][@ref20] In our study, there was no correlation found between activity level and chondral score; however, female gender was significantly correlated with worse chondral score in all age groups.

A noteworthy secondary finding from the current study is a relatively low prevalence of isolated meniscal tears in women compared to men under the age of 50 (15 of 68, 22%) and especially under the age of 40 years (4 of 32, 12.5%). Demographic sex differences were also found in previous works on meniscal tears.[@ref4][@ref15][@ref25][@ref26]

Malalignment or ligamentous instability of the knee increases contact pressures, elevates shear stresses and results in accelerated arthritis.[@ref27] Therefore, the current study has focused on isolated tears of the medial meniscus without ligament involvement or axial deformity in knees with unremarkable radiographs. This selection of patients was meant to reduce bias; however, incomplete information on injury pattern and duration of symptoms was not included which could have influenced the findings and decision making. Other limitations of this study are its retrospective design and the lack of outcome measures to evaluate the clinical significance of variables such as age, obesity and chondropathy.
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There is a significant linear correlation between the level of BMI and the degree of chondral lesions in patients with isolated medial meniscus tears and unremarkable radiographs of the knee at the ages of 40-50 years. Therefore, surgeons can expect to find chondral lesions in middle aged obese patients prior to arthroscopic medial meniscectomy, but not necessarily in the younger or older candidates.
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